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Abstract

The dual fluidized bed gasifier is designed by the concept of FICFB (Fast
Internal Circulating Fluidized Bed). It is separated in two parts: the
gasification zone and the combustion zone. Two zones are linked together as
a circulation loop by flowing solid particles and the heat produced in the
combustion zone can be transferred to the gasification zone, supplying the
energy that biomass needs to gasify. In the loop seals, steam is injected for
fluidizing the solid particles and separates the gases produced from
combustion and gasification reaction. In this way, the syngas in gasification
zone is free of nitrogen. In the present study, an analytical technology for the
simulation of a dual fluidized bed gasifier has been developed for the multi-
phase reaction of biomass fuel by using the commercial CFD software,
FLUENT. This year's project continues the research work of the previous year
and improves the simulation model. In the study, parametric analysis has been
performed for the dual fluidized bed to understand the effects of different
particle circulation rates on the gasification performance, and the load
analyses have also been conducted. At the same time, the effect of the
amplification of the gasifier on gasification performance has been analyzed
and related parametric analyses conducted. The work items that have been
completed include the collection of the latest references related to the dual
fluidized bed gasifier and the development of the simulation model for
studying the effect of the particle circulation rate on the gasification
performance. The gasification performance analyses and load analyses with
different circulation rates are completed. The performance analyses of a scale-

up gasification system are also conducted.
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Bulk Gas Phase
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LA RN I AR R P R RELF ME L A

E

WA RA 2 ok S Betd Fap dy > H 3k 02 H o) st (Single

Step Fragmentation) 7 & { 8- H 2 F B+ H & & 5 37 7 M| spkz

N

Fle®e L 7% 592 slaitstr & a0 B i 2 45 12 o Grabner ¥

A [33) e * gt FLUENT 6.2 4-4f4c R 3% /s 88 it & (Pressurized
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Fluidized Bed) # AR e HoF it H5Y 2 4k % Steam/Oxygen
LF A b (Lignite) S 24 0 AR B IF 25 4800 e/
(~1000MW) » © e 1% & 33bar 2 M/ ™ o 128 38 012 He g i 52 on
FAR 0 ForE a0 A ES o BRNME RIGH IR G o T ke
RE 002 G R Rk SAR v RF AR 2 B % o 3R 2 R

Eulerian-Lagrangian ;% &g it » 2% KIpp HE 2 7 5 > FI&

._\\

FRERE R SRR R E A F BER G 0 o b R E L

S R S Ul g’?ﬁ'lﬁ)@agrs)iﬁmﬁi7 B4 E G o

LEERAET R F BT 0 o Linbo % 4 [34] 2 = AR B
F il 2 BA %E T B R F BT AR RS TR FIRE T
e &g A i 55%E F 020%— F CBEo20%= F B 5% we
Bogdanova % 4 [35) i 7 4 H4 aint itk F RRpH F L1120

% (v SRR P T BEA] sk B R S P B R R A e

pE
¥ 0 [36] 11§ AL B A REHIE AL R R - 5%
Fa-2 /900 TP EFT T RFRITFEET > &ML

R SHBRER S ZF/ERY S BRIV LR RN

AER A S F e F AR R A S

~

o

d F 5255
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Mok F - F CREEFRNERL A F R
B S FHAB A T E RS RN R E R S I

ERPFLR T f /a0 R S g A g BRI

R E R R FoEFMBEe r A pE LS
gt o nd CFE R F R kG @ 10% KoSOst
1% Ni(NOs), € F Sudi2 it 2c% o £ 25% [37] it 2 ipis2 §

£4F (COHy) B2 R F 2 2 #5 CO 7 £ 4§ %

B T EPRE SRR R e B NO F R 0 F 2 AR

BRRAE R RGBT RE 0 BEo e NO 4 £ g om g

N

Af e CO B2 E N RN B N R

r2 ¢ A28 5 0NO 7 20 H3 s Reanf|* 2 B HIERE G Lo

g Es o

“F 7 4% FLUENT $fR:€ st > BIp 75 5% 2 6 gfgie

—\

F V2 o o B 4ed 737 [38] 14 PCGC-3 (Pulverized Coal
Gasification and Combustion in 3 dimensions)#2 ;% ¥4z 45 %% B ¥ & &
PR P F LR FRPLFREHETLEL Sl
0,/Coal ~H,O/Coal % $-Bc*h o & e (TR 4 X3 05> P33 R g
2P ® oM G ERATAR ] > BT RS R TRA

st WP eF L £ R

\\\?{r

#oo AT 7 ¥ 5% PCGC-3 4258 2
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TR o 5 F 3R [39) B3R * PCGC-3 4238 - e 40 ¢k
RFE B Y LR F O B8 R RS 2T

o HFHH O/C ~HO/IC~ % s < LR A SR 4

A

o

BT SEAY o BSRFR . FreRA R L P FR OJC bR
PRl g% CO HO2FEFE"S >COHy %2 CHy 2 % £H 4 o §
e OB 1 OyC b )% M Pl € 1 COCO 2 HyO 2 & 8870
Hy 2 CHy2 284> g L g FALE > € 84 o 5§ HO/C v
Gl 4P FARE R EEF AR ERF T AL REI2Z Hy 6
BT CHs 2 285 o Ho 2 S B34 o & 2F 340 HO/C Wt B ~
RS ARIE-HE oh- 1 WA i IR SRt o MU N ) A

WG F O TR LF TR

FRNF AL TR G & 5 AR F ook M
MERRA2ZFAHBRBE S EF - FMAFREEEANF BRI R

PEEZ E R EP FERE L o X FE 5 X784 Wabash
River # T Ry o e P W BN R R L Hibr o Bp 7 F BIFE >
CERE NI o TR S T AR R Tk PR A
Y2 WMHER F VIR F R - HERA RN R T B Y

SRR TR 2 SARUR R A SR PVMELT F R o



BRI KA 1547 7 > Kaushal & £ [40-42) & A 2

B SMW § 1 4h e it 1 R BTt BT e A A
#-4] o Thapa & + [43) & * 7 ¥ #c 4% Barracuda virtual reactor, VR15 >
4 Eulerian-Eulerian # Eulerian-Largrangian = & > /& Rk #0# = Mg
% WAl coSong ¥ A ] EFRHKBRRFCHEDERZ

steam/biomass “ ¥ & F A E ~ & 2 F O iy~ F IV H R PHER Gk

B F o B ERES FRESFRFOROEAR A G

A ETE - F VA E 2 steam/biomass V¥ £ 2 F

HrE2 245332 §F P HORERFEAF T RER S 820°C
% steam/biomass * i 14 FE I E S E §F P HDERD T E €
steam/biomass ** £33 4r @ 5 > { steam/biomass *t £ 0.8 F 1 1.4
PP s PR BBt I 7 % cSaw £ A J T Hied p e
BAK I FAZ IV ROFLAPF T L & B o Ajay F X
[40) &Pt S HEFEFLFARE S F7P > P EgEAR A
M 3 4v > steam/biomass ' 5 7-11 FF3 BB 7 & > @ YR/ 2§ v H
BREEl o3 § 2 2R g BRI BFFERIR S 20/ 7 F v 3
Bl o P FHKIERET > -

FOURZ B FIFARER o R F R R o/ 2 F

2@ 34 o S F steam/biomass tt FH o T 2§ o g e S o
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|k
S
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L3
-
(4
-
M-
i
3N
=5
&~
[}
N
N
O
BR
=
o

SEF RS B T R R s BERS RE SR O B

4o Liu ¥ 4 [47)2 2 = SRR EAET AR 4 § LR
AMEABIREE BP0 REA T DR RBWERT
AR S S o Tt 7 e eh Drag Model ¥+ i 5 2 2 B 4p R A A~
Feng B o Zhang % 4 [48] = = = MFTR AT R B 0 Rdn
Belicly > B AT B s N RRER U F

J[%'F’/ii'%ff'/nufhmﬁ‘djg ﬁ%/ ],1/3: 1= o

Liu &« [49) & * CFD /7 7 it ik s By B I E
BRI A RN Z A BREFESBE AL R
RENZF FARFERHRTEAMBRESFZM S-S5 87T

LA B e e PR TR otk s 2 b FUR F

‘.‘"_‘\

FRRgnw e FAERE 5o B R iRE FRT A 2O IR
2 PRI F P RpANLFTERERST 0 BRES > RE

RHERL I ZFARITEPET > RWETERS M EAET T -

R A T R e Ry LR L NS R

B Rk A D R ARANCE - S FEen (BB Y a2 2 E A

‘\T_t

BRI RS AR DA T T I R 4 0 A S
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PR R 2 @ Pk S 8cE - ke Ridisili [50] % 4 77 g Mt 2 2

SHA AT BALRACE 6 977 o B ¥ o & Fl= S A HTITR Y 2 & F

= g-#c e &_Glicksman % 1 2 #5%i R|(full set of scaling laws) ° %2

pif

TR et & s TR TZE FRGEER 0T REE
vOREE S Lvd "fﬁ;?éi»bﬁﬁﬂ YLh e 3 TR 4 0127
J'; e ke H‘jﬁfh‘f}f\@. ’f‘-"ﬁ%#‘%‘f% HooipE 2 2 @ F]=K 9‘(@3;&—3: # 7 ik
(Reynolds number) ~ # # 4g #c(Froude number) ~ § %8/} 3 % & +*
(gas/particle density ratio) ~ ¥+ 733§ A & fok & 4 1@ (sphericity and size

distribution of the particle) ~ 14 2 J 34 @& 2 1k (bed geometry) °

*Kinetics of

side reactions

*Kinetics of

catalyst ~Effect of

deactivation internals

*Conversion *Long term

and selectivity catalys! stability
*Stoichiometry Pilot-scale
and kinetics of D~-05m
primary reactions

Detailed
design
*Reactor type *Similitude in *Internals design
and operating hydrodynamics, *Design of solids
conditicns transport and handling system
reaction *Reactor simulations

Bl 6~ 1 ¥Rl g iz x4 [50]
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Glicksman e?c = 2 Q8 B @ I ahE Fl=t 28> L FE£30 7 F
o o {8877 F 4 Glicksman 2z & 2 planic L § o3
Tahmasebpoor [51])] % « %= 3 %ﬁd i’iﬁp‘?fé‘ v o470 o~ - B4R

B> T AT kAR IR AR 0 AT AT

(D
3% S8 0 F ket Glicksman sk 2 R o H e Z B Rk sL
AR F P T R RAsE R S R R R Bk o

L #-Fd & CFD g2 2 3% > Y B2 R KSR ER AT

I
\\\ﬁr 'EG‘
o+

ol BN E AP EEL Rl L A AT

AT B EEL S EZFT Y 0 AR R F I pe

BN

FOOEE AR BT 2 B AR T BE R A T o I 4 E
B * LA E PHERC s ¢ 3 L 2EIEIR T RSN » 2E3E R Flamelet
welde 4y 8 s EDC (Eddy Dissipation Concept) % & CHEMKIN i+ £ & &

;% ~ 2 FREDM (Finite-rate / Eddy-dissipation) 3% & $ it ¥ /2 &

\\\

WL FEE L o hA LY 0 K0 BHT RRRE R4 2

7
~

TR BRI B RS F g F ki o R AT B il

N
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R FEE RERE TR R E% B S
(IR G FHI0) 34 0 4%

A PENFEAIRENRA AT B EE R

B R EEFR
BA G P L RS 1T TS R T ¢ (PEMFC)2 = &
L BB Tl o AR BRI LR R F T i 2 2 AT

= ## > I 12 Hotbauer ¥ % 2 %% #3] [19] & 4 » &2 i
it h g iR

2 AR F T ECERRA T 2 R R A

T BRI Ry e - aicd)
Z

AR AEFIERZ

WL VR BB R R R AT R AR B R
KEFHEF RehiEE s n A5 2R RBF P € RaEL
R CR it (T o AR BT AR IR G o
%o #

& 4]

=t

IR GRP RS 0 f s 2 MR

N §
A e A Ao P S ey IR S o

AERPEFED D E

SRR ¢

s
L3 B ENECT B BT
S SN S Sk LLL S L R S
AP R BT 2 f A
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ST ERER
AP T EFAT 2 A K > L A F P E RS

ANSYS-FLUENT [52)] %:i& 7 Htst 5 o o *oimdiis 7 %0 4
+ #icg ¥& % » % ¢ * Eulerian-Lagrangian = ;2 %3 & ~ £ 2 3+ 5 F ko
Flet > A7 7 #-12 Eulerian-Eulerian = 2 #4788 1 & § L ip2 5 4p
oE 2 AT RIS 0 R R AR R HRAR B T A% A el U K g

*E] Fﬁé#ﬂﬁ;@]%é‘—f 3']@?‘7?{,}99 o

-~ Bl iR

1 Eo 882 a2FH -

2. F WE I F Wk ST

3. TRES IFE =98l m/s? e

4. F#¥Fe § 0,~H,~CO~CO;~H,0~CHy~ Ny 5 F48
¢ 7 Char ~ SiO; > ¥ 11 SiO, i¥ 5 R F) ©

5. * 4 R A(ash)yf>t g it 2 pE - A 2450 o B AT
P BIETE F 2 e

6. 2 Tt EEF i s o Flet A ok e s
»UONHITERR R A 3 D AR o T B E B T o
B A T b rd e 2R3 TFEF o TR E

(Char) ~ 3}3:);? ;J(;" (Volatile)ﬂfw}( ’;j:ffr: d rxr E—@E i%—}’E— x o
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7. d *’?#{fsﬁ‘i‘;’f%%%?—’x A3 P hirlF LBk T SR
FABMEF s FIE - ET R B RS ke F

BRILF S EEF -

=~ St fg5%

Ik

R R IOELITORE R SIPR S 5 IS SR DY IR S

[52]:

(- )i 5 > 42.5% (Continuity Equation)

%(“gpg) tVv: (“gpgvg) = Mg (2)
%(asps) +V- (aspsvs) = _msg (3)

oot M A K
v R
p: A
Mey « AT F ARZ T E
B > FAARAE CZEFW) H*F2ZEFH &£ o7

P

Pg = RTYM L 4)

i= 1Wi

FEHNFRRARA S  HRLEFRIT AT

1

pS = Zn Y; (5)

i= 1P_i
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Be Ly FEAF

Ly

p B i BEAZ BA

(= )# & = = (Momentum Equation)

5% (“gpg Vy) + V- (agpgVa¥y) =

%(aspsvs) +V- (aspsvsvs) =

—agVP +Vay 14+ agpgg + BV, — _V;)

(6)

asVP; +Va, "7, + agpsg — ﬁ(Vs - Vg) (7)

Ho o VPt AR FTid 2 2 B4R R
B AR 2 2 ¥k
hs - FIRT 2 AR
T Jk? %RE
A RETA 2 FAPE AR AL RS G
T

g = gty [_gag:“g(vvg)]

(8)
Ts = Usls [—%0{5#5 (VVS)] + als - VVS 9)
N C)LE Y | 7]% Zt 14 (bulk viscosity) > ¥ 4 Lun [53]) % « 4 22
DA T AT
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(]
A5 = Zaspsdsgo(1 — e)(2)° (10)

A NO9)P Zug s BT 2 AP T 4 Gidaspow [54]) #rr)z. 2 fr N

Fo o1 B4R T 2 & 4 2. % 38 (collision part) 2 # it 38 (kinetic part)2_ :

10psdsVOT 4 4 ©) %%
[ = m [1+Casg0(1+ &)+ as’psdsgo(1 +e) (;) (11)

FARR A 22 & N HMT AR ug s i 0 A 5 R ¥ 38 (collision

part) % # s 38 (kinetic part) :
Py = a;ps0 + 2(1 + e)ag?gops0 (12)

HY 47510~ (11) ~ (12)7 D3z B Eisi— P 4o T
O : 3g4_ % & (Granular Temperature)(& = % ms?)

Jo * L ~ F 3 #c(Radial Distribution Function) :

1

go= 11— (Z=)1 (13)

Os,max

e Rk e AR e

(12)¢ Mz e S3ERZ R FMRAR Gl - KA 3 ve 2 0.8~1.0 2

B @ AFT AT 2 B4 0.9

«

GE RS RN F-EAARE G AT (E 0 FF Apd B 2 3

B OEEB) BEL RV Ragl Aol A
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3asa,p Res\ 15
p =250 ¢, (22|77 - 7] (14)

Vs = 0.5(A — 0.06Re; +/(0.06Re;)? + 0.12Re (2B — A) + A2 (15)

% ag > 0.85pF :

B = ag2'65 (16)
% ag < 0.85pF :

B = 0.8a,"*° (17)
H e

1@s=ﬂ££%§j3 (18)
¥ Reg, < 1000 :

C; = 5—2(1 + 0.15Re,%%%7) (19)
% Re, = 1000p% :

C4 = 0.44 (20)

¥ B k< 8 A (Granular Temperature) % B £ & 3 gk & # i
(Fluctuating Kinetic Energy) - %_& %g #./8 & O (Granular Temperature) :

05 =<V (21)

31



2o o ?; FRIE T E B 0 @ BEPFiE A V(Instantaneous Velocity) rz <&

& V,(Mean Velocity) 12 2 3& if :# & (Fluctuation Velocity) % 7t

(= )3f kin 38 % 312 345 (Kinetic Theory of Granular Flow)
E14p 5t £ 4 #% (Solid Fluctuating Energy) 2. # ﬁ%] > fr sl

2[0 = —
2|2 (@sps®) + V- (aspsVs - ©)] = —(BI + a1y VT, + V- kYO — y + ¢

(22)

H v

(P + agrg): WV, @ B o #7iv2 5533 23R ot £ 2 # 4
V-koVO : ez i B (K 5 5 %80
y o PRaE g g rid A R T B A

by ¢ F ARz £ =350 (23)

M (22)7% 2- P Bk, 7 d Gidaspow & 4 [54]) z » 2V & 7

150pds\V/OT 6 0
ks = 384lzl+e)g: [1+ EaSQO(l +e)]? + 2psastd (1 + e)go\/; (24)

AR i $ R SR A%

—_

0\0-5
v =301~ eDapgo0 [7-(7) -~V T (25)

(z )& & ¥ in$53] (Mixture Turbulence Model) :
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BEFHAle F Eoda kB HETEF e 2 @ﬁa?]” #2 7% (Mixture

Turbulence Model) :
i( k)‘l'V'( Tk)—V'(”t—'ka)+G — D€ (26)
ot Pm PmVmk) = Ok km — Pm
: V- (pmVe) = V- (B Ve) + £(C1eCom — €
5t (Pm®) + V- (pVne) = (U— 8) + = (C1eChm — C2ePmE) (27)

FQOEQRY 2V s ppTE A BR L ER R L GR T T R

Pm = Li=1 Qi Pi (28)
7 _ Sk aipVi
Vm N 2?:1 aipi (29)

2

Hem = PmCu = (30)
Fin® i Gem »

G = b (Vi + (Vi)' ): V¥ (31)
BOEIRRC Y e v 2 dp b F ke [55]

C,=0.09
C, =144
C,, =192
o, =10
o, =13

(7 )it £ < 2 (Energy Equation)

%(“gngg) tv: (agnggHg) = VAgVTg + Qgs (32)
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a —_
at (aspsHs) +V- (aspsVsHs) = VA VT, + ng (33)

'/‘E't‘l ’H:J"%

heg ' # AB AR 2 18 i ik

Qgs : %#B@*‘%i lﬂ*ﬁ—’»ﬁ‘; l%.: _ng

Qg™ d T B

ng = hsg (Ts — Tg) (34)
6k gasagNus
hsg = % (35)

(= )& 45 #+(Radiative Transfer Equation)

o s BN > BERESE T * 2 P-1 Model [56]) -

3 SRR U A
qr = —TVG (36)

G % » 55 % £ (Incident Radiation) » £ 45 5+ 3 & 7 B -
G=["1d0 (37)

AT RS AR LBE TR AR

1
a 3(a+ap+op) (38)

a: F fWo T
a, : fF e ik
Op *RF 2 ATHF

34



ﬁ%@ﬁéﬁz%ﬁ%ﬁiﬁﬁ%ﬁﬁ’@@@ﬁgfﬁz

-Vq, =(a+a,)G —4n (an2 UTT‘}) (39)

(5 )= T ES fR
= (%, + V- (pTa?V Y, 7) = =V (a7]," ) + 2R +
p=1(Mpqi —Mgp) + R (40)
B (RIL qAp? ixrgd R 24 S F

Myipid T wd qAREIp AR - B i TR A

a’p
R %7 REAPF B2 F iE F
al% 57 qip 2 R A 5

Ykt qipi= 2 BEAF

Ji = —=(pDym + 5_; - DT,1V7T) (41)
HY Dims =12 FHHcleiic
DT,i EN- AR R R

S.: & % % ¥ # (Schmidt Number )

(M) F iR B
EAFT Y Y I F B 5 3 "UE X #05 (Finite-Rate Model)
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78 H4g e iff on ) 4TS (Bddy Dissipation Model) 5 ¢t #i05% e & 5 5
BAFEF i S0 L PRA SR F N TR EEF A K P
REHT L F R FREA A F R F R F R R T S
T -

Ri = min(RArrhemius'RTurbulence) (42)

R4 3FaLS

H ez R o#1i¢ & (Arrhenius Rate) % 77 40F

RArrhemius = F(vi,r ' vlr )kfr l_[j =1 [Cj,r]nj‘r N (43)

I : % = %8 (Third Body)

kpr o F s r e e iE ¥ #ico 2 Arrhenius 45N & 7

-Eq
kpr=ATPeRrT (44)
G SPIBLASET S A
, e .
Rrurbutence = Vir MW,iAp Elen(vR 'MwR) (45)
R 'M,, AB ZpYp
Turbulence — Ulr w,i P (ZNU r”M wj (46)

N, * & s r ehi- B4 Fip
PR ferY AR AL PR R
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Viet Fr? F g i chit B8 ik

Vit E e ® AR it B3 ik

Nyt Flsr? FRF A 35t ek ik Rk
Ny P F TP FRE RS A A e i R gk
Yp: EAd P2 FRAS

Yp IS B RZFTESF

A 5% ¥ #3540

B:E®&¥# 505

Y

C¥F B FemZ P8 @ §F TR E o Ay F B 5

PE, HER:E | (Unity) o 32 B4~ 451 18 > A&

I

N B S
ANSYS-FLUENT ¢ ”fa LERY J /115 e A% 47 B 3¢ (Finite-Rate/Eddy

Dissipation Model)##-3% # # ] > 5 @ F sic 22 > € #9752 F

-

|

A ARk LS 0.01 -

(4 )2 4p F B2 F J&i# F (Heterogeneous Reaction Rates)
R U S W R I 3 I TS e A Uad S i e S LS 3 12

P 4p ¥ Ji(Heterogeneous Reaction) » # F i F R ¥ d T3V 4 7 ¢

kmol

Y;pi,VOF;
R = KT} (70 =2 * 1000)*" * 107 (2% (47)
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H ¢

Vi 7 iz FgAeF

NR # 77 % F B4 2 #c P

Pip % 77 ip 1P 2 8 H % & (Bulk density)
VOFlp F. 77 ip AP 2 WA A F

MW, 4 7 F od % 2 & £ (kg/kmol)

st & 51 & B2 i 3§ % #c(Stoichiometric Coefficient)

k#7i# 5 F8: k= A( )b exp(ﬁ) (48)
He
Tip# 7 ip P2 B R

Tref © %4 AR > ¥ 5 298.15K

ERRE 2E A

B UL $ 20 241 % ANSYS-FLUENT % 3+ 5 %(Coal
Calculator)d 3+ & > B v dx * 2 L8 F H & Ci67H3340157No.1056 (& 7%
&)
Hoe » L BF g8 e Z AT ERIPF B2 ZERPF o CE
S fched 107 0§ 2 TSR E AR B T Ry

A5 B fy %% £ (Char) 2 348 4~ (Volatile) [53]) - @ % 48 & 3R i o
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Pl & % 7 F4p & eng 1 (Oxidation) & Jis 14 % -K % 5 i #& (Water Gas

Shift)F fis » B F fude™

C16.7H33.40157Np 1056 = 0.0528N, + 13.2C0 + 3.5CH, + 2.5H,0 + 7.2H,

CO + H,0 - H, + CO,
H, + CO, —» CO + H,0
CH, + H,0 —3H, + CO

CO + 3H, - CH, + H,0

(R-1)
(R-2)
(R-3)
(R-4)

(R-5)

B R)DICH f R jaen 42350 o L5 b ffEA 2 2 5 s

FfFRARF Bir(R-2)2 (R-5) -

MR EB - fEF A TR

C(s) + CO, > 2C0
C(s)+ H,0 - CO + H,

C(s) + 2H, - CH,

B B F e

(R-6)
(R-7)

(R-8)

39



L1 B Sk

Pre-Exponential

Activation

Equation Factor(4,) Energy(J/kgmol) Reference
(R-2) 2.78e+03 1.2544¢+07 [57])
(R-3) 1.05¢+05 4.5544e+07 [57])
(R-4) 0.3 1.25¢+08 [43]
(R-5) 2.65e-11 2.7353e+08 [43)
(R-6) 76.31 1.88¢+08 [58]
(R-7) 76.31 1.88¢+08 [58]
(R-8) 79.2 2.18e+08 [59]
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IR B ey & XAy
AT TR ARG A A 22 L3 5 G AT

(Ultimate Analysis)f=1 ¥ 4 17 (Proximate Analysis) » 4= % :

F 2~ 2 FRE S 2~ % & 47(Ultimate Analysis)

Ultimate Analysis | Wt%
C 51.85
H 6.34
O 41.58
N 0.22

Fo 3~ A FHE A 2. 1 ¥ 4 47 (Proximate Analysis)

Proximate Analysis | Wt%
Volatile 73.3
Fixed Carbon 6.34
Moisture 12.1
Ash 0.6

NE AR A F 3 5l

4

& < 12 Hofbauer & 4 £ 3 iz = gEIRRE 1 G % 505 W3R ¥ %

TR SHRGEFLINRL R T LR REE R T
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| flue
=T
5 gas
E ﬂ r
§ T}j | feedstock
w
< | hopper 2
(=] |
w % J [
h
\ g 1 product
[ — —
? \ [ | - gas
o N 3 x "
@] RIS o o sampling
5 e g oint
2 w
x5 @
3 3
53 - _
=) E J o feedstock
% & L hopper 1
3 e

secondary air =

auxiliary fuel =

primary air =

B 7Bt Ry ~FRER [60]

GERM R CF % EE £ FICFB (Fast Internal
Circulating Fluidized Bed) P2 & & 4 3 4 i & %243 < F ¥ - FICFB 7
PEA R BB M R ERTAREA BRT KFIRG L ok
AHEF I RORER A REFIY RR R KA - BB
R S S A R et s TR g): IR T

’ 2

P8 F o TR BT k2 T AR TIF R

®
G
3



B o TSR R F R A AATHRET § 1 o F

PR BRBAL T ST LA FF e § R PR

=

WAL ZF P F BRERE dBEFTAF BDER- FRREIDE
?\f ’ ’&.)fui%fv EI'J PERDS 3‘; va T] =y - %ﬁ it Jl ERPS j;,ﬁ‘gl: ’771'7}'1‘@?:’ )771')5%}; )ﬁg::
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